Abstract. This paper develops an empirical model to identify the structural parameters of schooling preferences and human capital production. Our model distinguishes between consumption and investment motives with regard to schooling. The results show that both motives matter. Preferences for schooling vary with social background and ability. Children from poorer social backgrounds and of lower ability have a lower preference for schooling. The discount rate that enters the net value of lifetime income varies with social background as well. The marginal rate of return to schooling decreases with ability and schooling. On average the marginal rate of return is 7.3 per cent, which can be contrasted with a`Mincerian' rate of return equal to 4.8 per cent. This indicates that the usual OLS estimate underestimates the true rate of return.
Introduction
In recent years a number of papers have appeared, providing new results on the e¨ect of schooling on earnings. Following the lead from Angrist and Krueger (1991a) , many of these papers have exploited data from what is typically presented as a natural experiment. It is widely recognized that OLS estimation of the conventional Mincerian earnings equation will give biased estimates. Commonly cited reasons for this are: omitted variable bias, endogeneity bias and measurement error. Each of these problems lead to correlation between the observed amount of schooling and the error term of the earnings equation, thereby running the OLS assumption of uncorrelated error term and regressors invalid. One way to correct for this, is to use instrumental variable techniques. Suitable instruments are variables which are su½ciently correlated with the amount of schooling, and at the same time are uncorrelated with the error term of the earnings equation. This is where natural experiments enter the picture. The idea is that there is some sort of exogenous variation which a¨ects the educational choices of some persons, while leaving others una¨ected. Moreover, these variations are such that they will not have a direct in¯uence on earnings. Some of the recent publications have presented some real ingenious instrumental variables. Angrist and Krueger (1991a) use the quarter of birth times year and times state as the instruments, Angrist and Krueger (1991b) use as an instrument for schooling the year of birth times a lottery number. Card (1993) argues that proximity of a college in the county of residence is a good instrument, while Harmon and Walker (1995) use quarter of birth and several year dummies that relate to increases in the compulsory schooling age. Butcher and Case (1994) ®nd that the sex composition of a woman's siblings a¨ect her educational attainment (women with no sisters receive on average signi®cantly more education), and use sibling sex composition as an instrument.
Other researchers rely on more conventional instruments such as the respondent's social background. Using Finnish data, Uusitalo (1999) instruments schooling by dummy variables for father's education and father's socioeconomic status. Blackburn and Neumark (1995) use as instruments, variables related to the respondent's sibling rank, parents' education, presence of newspapers and living with both parents at the age of 14.1 Almost all of these studies ®nd returns to schooling which are at least as high as (and sometimes substantially higher than) the convential OLS estimate: OLS estimates are biased downwards. This conclusion is forti®ed by results from related studies which adopted other approaches to account for the correlation between schooling and the error term of the earnings equation. Angrist and Newey (1991) use panel data for that purpose, while (amongst others) Ashenfelter and Krueger (1994) use data of identical twins. Partially the downward bias of OLS estimates can be attributed to measurement error in the schooling variable; but many researchers also refer to Griliches' (1977) modelling of ability bias. Another explanation, o¨ered by Card (1999) ; relates to heterogeneity of returns to schooling. Most of the instruments used in IV studies arguably a¨ect only the schooling choices of individuals at the lower end of the schooling distribution who are likely to have above average returns to schooling.
Crucial issues when applying the instrumental variable approach are quality, validity and relevance of the instruments. The more recent papers in this line of research apply a battery of statistical tests addressing these issues. To examine whether the instruments are su½ciently correlated with the amount of schooling, Bound et al (1995) have proposed that researchers routinely report the partial R square and the F statistic of the identifying instru-ments in the ®rst-stage estimation. To inspect the validity of the instruments in terms of having no direct e¨ect on earnings, an overidenti®cation test is performed.2 Finally, to test whether IV and OLS estimates are in fact di¨erent, a familiar Hausman t-test is performed.
An attractive feature of this new wave of``returns to schooling'' studies is that in a short time span, a substantial number of provocative studies have emerged, all dealing with the same question. And there is no doubt that the question of the size of the returns to schooling is an important one. A possible disadvantage of this new wave of research is, however, that it has drawn attention away from another fundamental question related to schooling, namely``which factors determine individual schooling choices?''. And since economics is sometimes even de®ned as the theory of choice, this issue should concern economists in the ®eld of schooling to a large degree.
Economists have typically studied the determinants of schooling choices within the framework of structural models. Following the seminal paper by Willis and Rosen (1979) , who estimate an endogenous switching regression model to analyze college choice, di¨erent studies have varied on this theme. Instead of treating education as a dichotomous choice variables as Willis and Rosen did, Kenny et al (1979) impose a tobit structure explaining the amount of post high school education. Hartog et al (1989) use a sequential logit framework thereby treating schooling choices as a sequence of dichotomous decisions. Studies in that line of research generate estimates of the e¨ect of schooling on earnings and vice versa, of the e¨ect of earnings prospects on schooling decisions.
It is our impression that the IV methodology to returns to schooling crowded out the estimation of such structural models. Structural models have been critized for the assumptions that have to be made with regard to the distribution of the error terms and exclusion restrictions that are required for identi®cation. This paper's main focus are the determinants of schooling choices and we analyze these by developing a structural model. At the same time, however, we incorporate the lessons learned from the IV literature on returns to schooling. To be more precise, we will examine whether the variables we use to identify some of the causal e¨ects in our structural model, pass the IV test battery. This paper develops an empirical model to identify the structural parameters of schooling preferences and human capital production. Our model is a close empirical analogue of Becker's (1967) theoretical model. The schooling choice equation is derived from a Cobb-Douglas utility function that allows for investment as well as consumption motives with regard to schooling. This contrasts with most of the existing literature that operates on the assumption that individuals maximize lifetime income instead of utility. The human capital production function is quadratic in both schooling and ability and allows for interaction between schooling and ability. The results show that consumption motives with regard to schooling are important and depend on social background and ability. Children from poorer social backgrounds and 2 The test statistic is calculated as n times the R 2 from a regression of the IV residuals on the excluded instruments. This statistic follows a Chi-square distribution, where the number of degrees of freedom equals the number of instruments minus the number of instrumented variables (see Davidson and McKinnon 1993, p. 236 of lower ability have a lower preference for schooling. The discount rate that enters the net value of lifetime income varies with social background as well, and ranges from 11.6 to 21.5 per cent. The human capital production function exhibits a decreasing rate of return to schooling for a given level of ability, whereas the pro®les for di¨erent ability levels diverge if schooling increases.
As a result, the marginal rate of return to schooling decreases with ability and schooling. For persons with 6 years of schooling the rate of return is 9.0 per cent whereas for persons with more than 16 years of schooling it is only 3.3 per cent. On average the marginal rate of return is 7.3 per cent, which can be contrasted with a`Mincerian' rate of return equal to 4.8 per cent. This indicates that the usual OLS estimate underestimates the true rate of return. This conclusion is in accordance with results from the recent IV papers.
The plan of this paper is as follows. Section 2 is devoted to the structural relations between schooling and earnings and to the estimation method that we apply in this paper. Section 3 introduces our dataset and discusses the choice of variables. Section 4 starts with presenting results we obtain when following the IV approach. This serves as a benchmark and also tests the validity of our choice of identifying variables. The remainder of section 4 presents and discusses the estimation results. Section 5 contains the conclusions.
Model and estimation method
The empirical model that we develop in this section is closely related to the theoretical structure that Becker (1967) presented in his famous Woytinsky lecture. Assume that individuals aim at maximizing the level of utility that they obtain from the net present value of lifetime earnings and from the mere consumption of schooling. As noted by Schultz (1963) , the consumptive value of schooling relates both to present consumption (the joy of attending school) and to future consumption (for instance enjoying reading poems). We specify the utility function as a Cobb-Douglas function, i.e.
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where U is the utility index, N is the net present value of lifetime earnings, s the amount of schooling and a measure of the weight in the utility function of s relative to N. We may refer to as the``taste for schooling'' or the schooling preference parameter. Note that the formulation of the objective function is more general than the usual human capital formulation in which it is assumed that individuals only aim at the maximization of the net present value of lifetime earnings. That assumes that consumption motives play no role, i.e. 0.3 One of the main objectives of the present paper is to test whether this standard approach stands up against a statistical test. Under some familiar simplifying assumptions (an in®nite time horizon and direct schooling costs equal to zero4), the net present value can be expressed as a function of the amount of schooling (cf. Willis 1986, p. 532 1986, p. 553 ). This assumption is based on elementary notions about the technology for the production of human capital. An additional unit of schooling adds to a person's stock of human capital (and therefore increases the log wage rate), but the more schooling the person has already received in the past, the smaller is the relative gain from an extra unit of schooling. A second natural assumption is applicable to the relation between human capital and innate ability; greater innate ability raises the log wage rate, but at a decreasing rate. Thirdly, the functional form should be able to capture the possibility of a non-zero cross-e¨ect between schooling and innate ability. A positive cross-e¨ect implies that the pay-o¨on education increases with ability of the student. Such a positive cross-e¨ect is a necessary condition for abler students to opt for longer schooling. Theoretically, abler students may opt for shorter schooling if the higher pay-o¨does not compensate for higher opportunity costs of schooling borne by more able individuals (e.g. Hartog 1994 , p. 10/1). Consequently, whether the cross-e¨ect is positive or negative is an important empirical question. An expression that captures these notions parsimoniously is a quadratic log wage-schooling-ability relation:5 ln w 0 1 s 2 s 2 3 a 4 a 2 5 saX 3
This relation ± the human capital production function ± describes the technology. As such this function represents the constraint which an individual with a given level of innate ability faces.6 Note that as a wage equation this function does not deal with ability bias by simply adding a linear ability term to it. Instead, ability is added in a quadratic form, and more important, the product of schooling and ability allows for interaction e¨ects.7
5 This form can also be regarded as a second order Taylor approximation to a more complex functional form of f sY a. 6 In his pioneering book, Mincer (1974) derives the wage equation from as an optimality condition. As Willis (1986) notes, however, this derivation either represents a human capital production function or is simply a tautology which follows from the de®nition of present value (p. 550/1). 7 In our dataset we do not observe initial wages. Instead wages are observed from a cohort of individuals who are all about 43 years of age. The stocks of human capital of these persons have also been a¨ected by work experience. We capture the wage growth due to experience by adding the usual linear and quadratic experience terms to the wage equation that we estimate.
Maximization of equation (1) with respect to schooling subject to equations (2) and (3) yields the optimal amount of schooling:8
An individual's optimization problem can be expressed in a diagram as in Figure 1 (which is similar to the ®gure employed by Kodde and Ritzen 1984) . The line NN pictures the net value of lifetime earnings as a function of schooling; assuming that 2`0 . The maximum of NN is reached at s H r À 1 À 5 aa2 2 ; which is the optimal amount of schooling if the individual aims at earnings maximization 0. If b 0, the indi¨erence curves have a negative slope, and the optimum solution s Ã is somewhere to the right of s H . It is easy to see that if 2`0 , the optimum amount of schooling in the pure investment model 0, decreases with the value of the discount rate, while it increases with ability if and only if 5 b 0. Hence, a necessary and su½cient condition for more able persons to attain higher levels of schooling than less able persons is that the human capital production functions (equation 3) for persons with di¨erent ability levels diverge.
Equation (4) is derived using a Cobb-Douglas utility function U ln N ln s, which can be rewritten as U ln w À rs ln s (where we deleted a constant term). An alternative for the Cobb-Douglas form is the quasi-linear utility function U ln N ms (with m a preference parameter), which can be rewritten as U ln w À r À ms. Maximizing this function subject to equation (3), gives optimum amount of schooling:
8 Substitution of (3) in (2) and of (2) in (1) gives:
where C is a constant term including lnr and the integral term in (2). Setting the derivative with respect to s equal to zero, gives:
This equality has two solutions:
When we set equal to 0 in equation (1) and then maximize with respect to s given equations (2) and (3) we obtain as solution for the optimum amount of schooling
Obviously expression ÃÃ should also result from the general expression when is set equal to zero in Ã. When we do so, it turns out that we only retrieve ÃÃ when the term with the square root is subtracted. If this term is added, s equals zero.
This is similar to the expression that we obtain with the Cobb-Douglas form if 0 (the pure investment model) except that r is now replaced by r À m. Hence, interpreting the rate of return that follows from a wealth maximization framework as a rate of return corrected for the direct utility of schooling, (implicitly) assumes a quasi-linear utility function. We have three reasons to prefer the Cobb-Douglas speci®cation over the quasi-linear form. First, with equation 4 H it is not possible to disentangle``access to funds'' (r) and``taste for schooling'' m; not even by identifying r and m by di¨erent sets of variables, because these will still have a constant term in common. Note that it is a special feature of the quasi-linear function that r and m are lumped together, and not a special feature of the Cobb-Douglas that r and m are separated. With more involved utility functions (CES for instance), the two factors will also appear in separate terms; it is in that case, however, not possible to write the schooling equation in an explicit form. Second, the quasi-linear utility function implies that in case of extra income, all extra income will be spent on schooling. This is a rather unrealistic implication, and it is not what people do when they win a lottery, or ®nd money on the doorsteps (cf. Shea 1996). Finally, we did estimate the model based on equation 4 H , and comparing the ®t of our preferred model and that model shows that the preferred model performs better in terms of absolute or squared di¨erences between predicted and realized amounts of schooling, and predicted amounts of schooling are also for more cases closer to the realized amounts. In sum, the Cobb-Douglas function performs better and has less stringent implications than the quasi- Estimation Estimation of the model set out above should take into account the relevant rules and institutions that a¨ect the individual's choice. With regard to schooling choices, the major rule that restricts free choice is compulsory schooling up to a certain age. All persons who have an optimum below the amount that is taken at that age, are not permitted to choose their preferred solution. Assuming monotonicity of preferences and of the opportunity set, all these persons will prefer to leave school at the age that schooling is no longer compulsory. In empirical data, this produces a spike in the frequency distribution of schooling.10 The proper way to deal with this, is to specify the schooling equation in a tobit-like way. For the individuals in the dataset that we employ for our empirical analysis, the end of compulsory schooling coincides with 6 years of primary schooling. With regard to the remainder of the schooling distribution we follow Garen (1984) in assuming that schooling is a continuous variable. Individuals can choose exactly the amount that they prefer. The description of the Dutch schooling system in Groot and Oosterbeek (1994) shows that for actual years of schooling attained, this is a fairly adequate assumption.
Estimation of the model captured by equations (3) and (4) now proceeds as follows. An individual's discount rate r is unobserved. We follow Willis and Rosen (1979) by assuming that r depends upon a vector of social background characteristics Z (including a constant) and a parameter vector g; hence r Zg. Further-more we allow for individual di¨erences in the taste for schooling by making a function of social background characteristics and of ability; W d. Including an ability measure re¯ects the notion that someone's preference for schooling depends on how easy or di½cult school is to him. In our choice of variables (discussed in the next section) we allot background variables that relate to the family's income to the vector Z, whereas variables related to attitudes towards schooling are included in W.
For all persons who have optimal schooling amounts above six years, actual (s) and optimal s Ã amount are assumed to be equal. For all persons with optimal amounts equal to or less than six years, we observe actual amounts equal to six. After adding error terms to equations (3) and (4) we have:
If s Ã b 6:
where Y includes the terms in W, Z and a. where t is work experience. Assuming that u 1 and u 2 follow a joint normal distribution, the logarithmic likelihood function of this model is (cf. Kenny et al. 1979) :
where f is the density function of the normal. Note that even if the vectors Z and W have all their elements in common, g and d are still identi®ed due to the nonlinearity of the square root. To make identi®cation not solely dependent on functional form, we also assign di¨erent elements to Z and W.
Data and choice of variables
The dependent variables in our model are the log wage rate and the amount of schooling. Moreover, the speci®cation of the equations in the previous section reveals that we need adequate measures of ability and social background. A dataset that contains such information is the so-called Brabant survey. We start with a brief description of the creation and special features of this dataset and then discuss the variables that will be employed in the empirical analysis. In 1952, one quarter of the sixth-grade pupils (approx. age 12 years) in the Dutch province of Noord-Brabant were sampled. Thirty years later, the observations (on school, intelligence and family background) proved to be still available. In 1983, the same individuals were contacted to collect data on education, labor market status, earnings, etc. To obtain the 1983 information, the individual's changes of address since 1952 were traced through the services of municipal administrations of population. This is possible as city population administrations register the city of destination if somebody leaves town, and as individuals are legally compelled to register. A questionnaire was sent to all individuals for whom a valid address was found. After mailing two reminders, the remaining male non-respondents were approached by an interviewer. It was decided (for budgetary reasons) to approach only men because of their higher labor force participation rate. The response on the basis of valid addresses was 58%.
The sample has some distinct features that are worth pointing out. It has already been mentioned that all observations came originally from the same region, the province of Noord-Brabant. Earlier analysis (Hartog and Pfann 1985) 11 indicated that this does not necessarily detract from the survey's representativeness for the Netherlands as a whole, as many variables relating to labor force participation, industrial structure and earnings in Noord-Brabant do not di¨er greatly from values observed for the whole country. Another feature is that the dataset pertains to a cohort of men born in 1940 and for whom wage data have been collected in 1983. It can be argued that the dataset is somewhat outdated thereby reducing the relevance of the empirical ®ndings. For several reasons, we think this is not the case. First, it is advantageous to have data from one single age cohort of individuals who have reached a stable labor market position. This precludes that the ®ndings are a¨ected by cohort or age e¨ects and early career labor market transitions. A cohort of people in their early 40s is very suitable for this purpose. Such cohorts are not easily available. Of course it would be preferable to have access to data from a cohort of individuals being in their early 40s in 1998 rather than in 1983. It is important to note that both cohorts would have been confronted with basically the same educational structure. The main di¨erence is that a cohort born in 1940 was confronted with a compulsory school leaving age of 12, while those born in 1955 had to stay in school until they reached age 15. From the perspective of an analysis of optimum schooling choices it is preferable to have data from a situation with the lower minimum school leaving age, because this raises the (expected) number of unrestricted observations. Finally, we believe that the kind of model we develop in this paper should be able to ®nd out behavioral regularities that are independent of the speci®c period in which they are observed. Economists typically assume that the kind of preferences analyzed in our model reveal a large degree of stability.12
We restrict our analysis to the subsample of males. The reason for this is that we know from earlier analysis that females in this sample earn far less than males, and also that many women who work are employed in part-time jobs. In order not to mix up schooling decisions and the returns to human capital with participation decisions and possible discrimination against females, we think it better to exclude women from the analysis.13 An additional reason is the di¨erent sampling procedures applied for males and females.
As the dependent variable in the wage equation, we have chosen the log of the net hourly wage rate. From a theoretical point of view this seems to be the best measure. The dependent variable in the schooling equation is the actual number of years of post-compulsory education. In the sample that we use, 162 out of 839 cases have zero years of post-compulsory education; for these persons we assume that their optimal level of schooling is s Ã U 6X14 Table 1 shows the distribution of actual years of schooling in our sample.
The dataset contains several variables that relate to social background. In our theoretical structure we distinguish between two e¨ects of social background on schooling choices. The ®rst e¨ect is that children from poorer 12 Evidence for this assumption in the context of schooling choices is presented in Oosterbeek and Webbink (1995) , who estimate logit models for the choice to enroll in higher education in the Netherlands in 1982 and 1993. The ®nd that changes in the enrollment rate between these two years are entirely attributable to changes in people's characteristics while behavior (parameter estimates) have remained constant. 13 Fishe et al. (1981) present evidence that for females in the US choices concerning schooling and labour force participation are interdependent. 14 Notice that it is immaterial for the results whether we measure years of schooling or years of post-compulsory schooling. In the ®rst case those who leave school as soon as possible have 6 years of schooling, in the latter case they have 0 years of schooling. This scaling only a¨ects the estimates of the constant terms.
families have less access to ®nancial funds and may even face liquidity constraints. Therefore they are assumed to have higher discount rates, and this reduces their propensity to invest. The second e¨ect is that children from families with an academic tradition may have di¨erent preferences with regard to schooling than children from families that lack such a tradition, i.e. the value of in the utility function depends on social background. We have to assign di¨erent social background variables to the two e¨ects (to the vectors Z and W ). In our view the best choice here is to allot the variables that relate to family's income to the ®rst e¨ect (Z), and variables related to the attitudes towards education to the second e¨ect (W ).
The following variables are included into the vector Z. First, the occupation of the respondent's father. In the original questionnaire this variable was coded into 15 categories. In the present analysis this information is compressed into 4 classes.15 Low level occupations are lower clerical personnel, farm laborers, industrial laborers and a few categories with a very small number of observations (disabled, retired and temporarily unemployed). High level occupations are secondary and university teachers and managers. Intermediate level occupations are made up of primary school teachers and middleranking employees. Self-employed fathers are a separate category. Furthermore, as an important determinant of a family's income we include the father's level of schooling. The mother's level of schooling is less important as a predictor of family income since the dataset refers to a province and a period (the 1950s) where rather traditional family values prevailed, implying that most mothers worked full-time in the household and only very few of them worked outside the household.
In the vector W we include a dummy variable that takes value 1 if the respondent is from an antisocial family. The score for this variable was ®lled in by the respondent's teacher in the 6th grade. The teacher could choose between: strongly antisocial, antisocial and normal. The ®rst two possibilities constitute the dummy value of 1. The implicit assumption that we make is that the teacher bases his choice for an important part on the family's attitudes towards schooling. This seems reasonable since this is the main area where a teacher and parents have common interests.
The child's ability enters our model in two ways: through the human capital production function and through the taste for schooling. In our dataset we have two di¨erent measures for ability available. The ®rst is taken from a standard IQ test. The test consisted of six subsets, relating to numbers, words, analogies and spatial orientation. The second is the average school mark in the ®nal year of primary education. The average mark is composed of separate marks for six di¨erent ®elds: history, science, applied ®gures, reading, expression and exercises with blanks. Given the character of the two ability measures we think it natural to use IQ as the ability measure that enters the structural earnings equation and to use the average mark as the ability measure that a¨ects the taste for schooling. IQ relates to the more general type of ability that is important for a person's performance in a job, while the average mark is closely connected to how easy or di½cult school is for a person, and therefore to the joy of schooling. An advantage of the ability measures in this dataset is that they refer to scores that were measured before any further schooling could be attended. Therefore both measures are exogenous with respect to the schooling variable. This is a feature not present in many other datasets that contain ability measures.
The wage equations also include the actual amount of work experience (squared). Although all respondents were born in the same year experience is not simply the di¨erence between present age and school-leaving age. Occurrences which cause a di¨erence between actual and potential experience are military service, temporary disability and temporary unemployment. According to the de®nition of potential experience, the correlation between experience and schooling is minus one; in our dataset, the correlation is À0X63. Table 2 presents the mean values and standard deviations of the variables that we use in the analysis. The ®gures are presented separately for those who have pursued post-compulsory education and those who have not.
We conclude this section with a brief comment on the most outstanding ®gures in Table 2 . There are a number of di¨erences between the two subgroups. The social background indicators show that, as expected, those who have no post-compulsory education come from lower socio-economic backgrounds than those with (some) additional schooling. In particular, the proportion coming from antisocial families is larger in the s 6 group and the proportion of children with a father working in the intermediate occupation group is larger in the s b 6 group. Further-more the two groups di¨er in the average level of ability, with the average levels of the two groups almost one standard deviation apart.
The high proportion of children with self-employed fathers may seem peculiar. The reason for this is that Noord-Brabant is a rural area and in the 1950s many people were running their own farms.
Estimation results
This section starts with presenting the results from an instrumental variable approach. Then we continue with reporting and discussing the estimation results of the model outlined in Section 2. These results are presented separately for the discount rate, the schooling preference parameter and the wage equation.
IV results
The discussion in the previous section motivated the choice of identifying variables, and thereby also the choice of instrumental variables. These instruments are: father's education, father's occupation, the family's social status and the average mark in ®nal year. Estimation results are reported in Table 3 .
The ®rst column in Table 3 reports the conventional OLS earnings equation including as regressors also IQ. These results point to a return to schooling equal to 4.3 per cent. The second column shows the results from a reduced form schooling equation; only the coe½cients for the excluded instruments are reported. As expected, the number of years of schooling a person attained, increases with the level of education of the father, the family's social status and the average ®nal mark in sixth grade. Using the predicted amount of schooling as a regressor in the earnings equation reported in the third column, we ®nd a sharp increase of the returns to schooling. The point estimate now equals 9.4 per cent, being signi®cantly di¨erent from the 4.3 per cent estimated woth OLS. This ®nding is consistent with many of the recent papers applying IV and concluding that OLS estimates are biased downward.
More important from the perspective of the remainder of this paper, is that the instruments we selected, pass the IV test battery. The test statistics in the bottom half of the second column indicate that the instruments are relevant: the correlation between the excluded instruments and the amount of schooling is not too weak. The test statistics in the bottom half of the third column show that schooling is indeed endogenous (Hausman's t-test) and that the instruments are orthogonal to the error of the earnings equation (the over- identi®cation test). This certi®es the use of these variables as identi®ers in our structural model. The results of the structural model are displayed in Table 4 . This table does not include separate information about the e¨ects of exogenous variables on the amount of schooling. This information is provided in Table 5 . We discuss each of the structural equations in turn.
Discount rate
The results for the discount rate show that for children of highly educated fathers the discount rate is lower than it is for children of lower educated fathers. Also if the father's occupation belongs to the intermediate level or if the father is self-employed, children have a lower discount rate than children who have fathers with lower level occupations. These results are in line with the notion that within poorer families people attach lower weights to future earnings than people in richer families do. The dummy that takes the value unity if the father's occupation is of high level is not signi®cantly di¨erent from zero. This might be due to the fact that only 3.6 per cent of the sample falls within this category. The average discount rate equals 19 per cent; with a maximum value of 21.5 for children with the poorest social background, and 11.6 per cent for children from the richest families. These values seem quite plausible, although for the children from the poorest families the discount rates are rather high. This suggests that children from these families have no easy access to ®nancial funds.
Schooling preference parameter
The value of the schooling preference parameter is lower for children with less educated mothers, for children from families with a low social status and for children who attained lower marks in their ®nal year in primary education. These ®ndings exactly ®t our theoretical prediction. The average value of in the sample equals 1.10 (with a t-value of 2.03), suggesting that on average schooling is considered as a good that generates utility. The minimum value of is 0.24 and also di¨ers signi®cantly from zero (t-value 1.27), suggesting that even for the persons with low educated mothers from families with low social status and with low marks, schooling produces utility. The maximum value for is 1.68 (with t-value 2.11), saying that for children with highly educated mothers from normal families and with high marks, the utility weight of schooling is about two and a half times the utility weight of lifetime earnings.
Results from a restricted version where W d 0 is clearly rejected by the data. This supports the view that consumption motives do matter for schooling decisions.
Wage equation
Except for the control variables related to experience, the only two variables in the wage equation that have coe½cients that di¨er signi®cantly from zero, are schooling squared and the interaction term of schooling and ability. For a given level of ability the positive value of 5 and the negative value of 2 imply that the wage-schooling pro®le exhibits decreasing returns to schooling. For an individual with IQ equal to 100, the rate of return to schooling q ln waqs equals 10.0 per cent at the end of compulsory education and equals 6.8 per cent after six years of post-compulsory education. The wage-schooling pro®les for persons with di¨erent ability levels diverge. This is exactly the condition necessary for more able persons to opt for higher levels of schooling than less able persons. This implies that the rate of return to schooling at a given amount of schooling is higher for more able persons. For instance, an individual with IQ equal to 120, has a rate of return equal to 12.0 per cent at the end of compulsory education, and a rate of return equal to 8.8 per cent with six additional years of schooling. The average marginal rate of return at realized amount of schooling and measured ability equals 7.3 per cent. The ®nding that the average marginal rate of return falls short of the average discount rate, is consistent with the fact that the average schooling preference parameter is positive. Relative to the schooling amount that is optimal from the perspective of pure investment model (with 0), people invest too much in schooling. An increase of the father's level of schooling from 3 to 4 (on a scale from 1 to 6), increases the child's optimum amount of schooling with a year. Having a father with a lower level occupation instead of an intermediate level occupation (for instance industrial laborer instead of middle-ranking employee) lowers the optimum amount of schooling by 1.56 years. According to our model these variables a¨ect the schooling decision through the discount rate. Coming from an antisocial instead of a normal family lowers the amount of schooling by 3.08 years. An increase of the average school mark with one standard deviation increases the amount of schooling by 0.88 years. These e¨ects are related to the schooling preference parameter . Finally, we ®nd that an increase of IQ from the mean to one standard deviation above the mean, increases the schooling optimum by 1.17 years. This latter e¨ect is due to di¨erent shapes of the human capital production function for persons with di¨erent ability levels.
Schooling choices
Another way to display the relation between schooling choices and the underlying structural parameters is included in Table 6 . In that table we present the average values of the schooling preference parameter , the discount rate (r) and the marginal returns to schooling q ln waqs by years of schooling. The patterns in that table are almost monotonic; the average schooling preference parameter rises from 0.87 to 1.29 if years of schooling increase from 6 years to over 16 years. Also, the discount rate decreases from an average value of 19.1 per cent for those with no post-compulsory schooling to 16.9 per cent for the highest schooling class. Finally the average value of the marginal rate of return decreases from 9.0 per cent for the lowest educated to 3.3 per cent for the highly educated.
Selection bias and ability bias
An important topic in recent human capital literature is to what extent the usual Mincerian wage equation produces biased estimates for the rate of return to schooling due to selection bias and ability bias. Selection bias refers to the fact that the amount of schooling included in the wage equation is not exogenous. Our estimation results indicate that this is indeed the fact; the residuals of the wage and schooling equation reveal a positive correlation r 0X1711. This means that respondents who have attained more schooling than predicted on the basis of their known characteristics, also have higher wages than predicted.
The estimated wage equation also shows that remedying ability bias by just adding an ability measure to the set of regressors, is not correct. This approach at best measures the`average' ability bias, while the estimated wage equation in Table 3 shows that the bias varies with years of schooling and level of ability.
In Table 7 we present results for the familiar Mincerian wage equation along with restricted versions of our model. These restricted versions relate to estimates that take no account of selection bias and to estimates that take no account of ability bias. The ®rst column contains Mincer's loglinear wage schooling speci®cation and is estimated with OLS. According to these results and the usual interpretation, the rate of return to schooling is equal to 4.8 percent. This ®nding deviates considerably from the results presented above. It indicates that the rate of return obtained from the standard wage equation underestimates the rate of return found with a more sophisticated model. In this respect the ®ndings in this paper reiterate other recent ®ndings. In the second column we have estimated a wage equation that has a similar speci®-cation as the wage equation in Table 4 , but where r is restricted to be zero, in the third column we re-estimated our full model, but omitted the ability variables. The results in the second column indicate that ignoring selection bias does not harm the estimates to a large extent; the coe½cients of the wage equation are hardly a¨ected by this restriction. Ignoring ability di¨erences on the other, provides us with a completely di¨erent picture. In that case it seems as if the rate of return is constant over schooling levels and equals 9.5 per cent.
Conclusion
In this paper we formulated and estimated a structural model of schooling choices and the human capital production function. The schooling choice equation is derived from a utility function that allows for investment and consumption motives with regard to schooling. The human capital production function is quadratic in both schooling and ability and allows for interaction between schooling years and ability. With structural models identi®cation is a crucial issue. Here we achieve identi®cation of the structural parameters by using particular functional forms and by choosing identifying (instrumental) variables. With regard to our choice of a Cobb-Douglas utility function we presented evidence that this form does a better job than the quasi-linear speci®cation implicitely used in models in which individuals are assumed to maximize wealth rather than utility. With regard to the exclusion restrictions we imposed for some variables, we showed that our choices pass the recently developed IV test battery. The estimation results show that the importance of consumption motives with regard to schooling depend on the mother's level of education, the family's social status and average school marks. For all persons in the sample the schooling preference parameter is positive; ranging from 0.24 to 1.68 as the relative weight of schooling to lifetime income. The discount rate that enters the net value of lifetime income is individual-speci®c and depends on father's level of schooling and his occupational level. The human capital production function exhibits a decreasing rate of return to schooling for a given level of ability, whereas the pro®les for di¨erent ability levels diverge if schooling increases.
The average value of the marginal rate of return to schooling in our sample is 7.3 percent. The actual value for an individual varies with the amount of schooling and his IQ. For someone with IQ equal to 120 and only 6 years of schooling the rate of return equals 12.0 per cent, whereas someone with IQ equal to 100 and 12 years of schooling faces a rate of return of 6.8 per cent. These results deviate from our estimated Mincerian rate of return which equals 4.8 per cent. This di¨erence indicates that the usual OLS estimate of the rate of return underestimates the true rate of return. This ®nding is in accordance with the recent ®ndings by, among others, Ashenfelter and Krueger (1994) and Harmon and Walker (1993) .
From the point of view of educational policy, our ®ndings have the following implication. Equal participation to education by children with di¨er-ent social backgrounds, is not only hindered by the fact that, due to di¨erent discount rates, their opportunity sets are di¨erent from those with better social backgrounds, but also by the fact that their attitudes towards schooling are di¨erent. These di¨erences in preferences are already apparent when children are 12 years of age. This suggests that early intervention is warranted.
